The current study retrospectively reviewed the surgical outcomes following hip fractures in uremic patients undergoing long-term hemodialysis and compared the results with those of geriatric patients with osteoporotic hip fractures during 1-year period. Thirteen complications occurred among the 21 uremic patients who underwent surgical intervention for a hip fracture. Two complications were related to the failure of osteosynthesis procedures after femoral neck fractures. While comparing perioperative parameters between the 2 groups, patients in the uremic group had younger age, more comorbidities, lower preoperative hemoglobin levels and platelet counts, and an increased requirement of perioperative blood transfusion. Statistical analysis revealed a significant increase in incidence of postoperative complications in the uremic patients; however, the incidence of surgery-related complications was unchanged. In conclusion, the present study shows that the incidence of perioperative complications in hip fracture surgeries is higher in uremic patients than those in geriatric hip fractures, mainly resulting from their comorbidities. In addition, we recommend hip prosthesis replacement surgery for femoral neck fractures in uremic patients due to the high rate of implant failure.
Introduction
With the advances in hemodialysis treatment, patients with end-stage renal disease (ESRD) now have a longer survival time and a better quality of life. The mineral and endocrine disturbances that occur with long-term hemodialysis alter skeletal metabolism and contribute to fractures [1] [2] [3] . Additionally, the down-regulation of osteoblast activity as a result of renal osteodystrophy impairs fracture healing in patients with ESRD [4] . The majority of orthopedic fractures in uremic patients are lower limb fractures, especially hip fractures [5] [6] [7] [8]. Hip fractures in uremic patients are associated with high morbidity and mortality, with rates 17 -20 times higher than those of patients with hip fracture in the general population [1] [2] [9] . The rate of postoperative complications following surgical repair of hip fractures in the ESRD population is also significantly increased [10] [11] .
Another population of patients with increased incidence of hip fracture is the geriatric population. Surgical repair for geriatric osteoporotic hip fractures remains a challenge for orthopedic surgeons. Poor bone quality leads to a fixation dilemma, and comorbidities in the elderly may negatively affect surgical outcomes [1] [12] [13] [14] [15] . A similar predicament exists in uremic patients. In ESRD patients with hip fractures, an increased rate of complications and a higher mortality rate after index surgery have been reported in the literature [9] [10] [11] [16] . However, little evidence exists comparing the complications, morbidity, and mortality following surgical repair of hip fractures between uremic and geriatric patients.
The purpose of the present study was to review the surgical outcomes following hip fracture repairs in uremic patients undergoing maintenance hemodialysis. In addition, we compared the results in this specific population with those of non-uremic patients with osteoporotic hip fractures and with a minimum of 12 months postoperative follow-up.
Materials and Methods
We retrospectively collected patient data between January and December 2013 from the Trauma Registration System in Chang Gung Memorial Hospital, a level one trauma center in northern Taiwan. We only included patients with uremia and hip fractures (femoral neck and femoral intertrochanteric fractures) who underwent maintenance hemodialysis during the study period and before surgery. Four uremic patients with hip fractures were unable to tolerate anesthesia and surgery and were excluded from the data analysis. Patients undergoing peritoneal dialysis for chronic renal failure rather than hemodialysis were also excluded. In addition, uremic patients with poly trauma and multiple fractures were excluded. In total, 21 patients met the inclusion criteria and were studied.
During the same one year review period, we identified 458 consecutive patients from the same database with normal renal function, who underwent surgery for hip fractures. Patients aged less than 60 years were excluded, according Open Access Library Journal to the definition of elderly from the World Health Organization. Patients with high-energy trauma, fractures in more than two locations, and poly trauma with more than one major organ injury were also excluded. This was considered necessary as multiple fractures or poly trauma could have confounded the outcome evaluation. Following the exclusion process, 309 geriatric patients with hip fractures were included as the normal control group.
The patient data were recorded prospectively and analyzed retrospectively.
The preoperative clinical variables were recorded, including demographic data and laboratory data. The laboratory data included serum white blood cell count, hemoglobin level, platelet count, blood urea nitrogen level, creatinine level, estimated creatinine clearance rate, and prothrombin time. Prothrombin time was documented using the international normalized ratio. The volume of blood loss intraoperatively, the need for blood transfusion during the surgery and perioperative complications were also recorded. Blood transfusions were documented as packed red blood cells (PRBC) and fresh frozen plasma (FFP). The need for transfusion was determined using clinical data, including a postoperative hemoglobin level less than 10 g/dL in the control group, a loss of 15% of total blood volume, and signs of tachycardia or hypotension during or after surgery.
A "complication" in the current study was defined as any additional problems arising after the index surgery beyond the surgeon's expectation, regardless of whether or not the problem was directly related to the surgery. Principal complications related to the hip fracture surgery included the loss of reduction and fixation of the fracture, iatrogenic nerve or vessel injury during the surgery, dislocation of the hip joint after prosthesis replacement, surgical site infection, and loosening of implants. Additional medical or surgical treatments related the patients' comorbidities were also considered complications.
The statistical analysis was conducted using SPSS 18.0 (SPSS Inc., Chicago, IL, USA). Continuous variables were presented as the mean and standard deviation.
We compared the preoperative and perioperative variables between the study and control groups using a parametric t-test and nonparametric Mann-Whitney U-test. Categorical variables were reported as the frequency, and we compared the two groups using a parametric chi-square test. A two-tailed P-value of 0.05 was considered significant.
Results
Among the 21 uremic patients, one patient died of pneumonia and sepsis during the 12-month follow-up. Overall, there were 13 complications (complication rate: 61.9%) during the 12 months following surgery. Eight complications were in patients with femoral neck fracture and five were in patients with femoral intertrochanteric fracture. In patients with femoral neck fracture, two complications were directly related to the failure of osteosynthesis surgery, whereas no surgery-related complications were seen in the patients who underwent prosthe- complications were directly related to preexisting medical comorbidities. Table   1 summarizes the complications and required treatments for patients in the uremic group. Table 2 and Table 3 show the demographic data, including patient age and sex, as well as perioperative data, including blood test results and American Society of Anesthesiologists (ASA) classification of both the study and control groups. The uremic patients were significantly younger (69.9 ± 8.5 years) than those in the control group (78.7 ± 10.5 years) (P < 0.001, t-test). The total number of the underlying comorbidities in the uremic group (3.0 ± 1.4) was significantly higher than in the control group (1.4 ± 1.2) (P < 0.001, t-test).
Although the mean length of time between arrival in emergency department (ED) and surgery in the uremic group (4 ± 3.9 days) was greater than in the control group (2.7 ± 2.7 days), there was no statistical difference (P = 0.136, Mann-Whitney U-test). Preoperatively, the hemoglobin level was significantly lower in the uremic group (10.3 ± 1.3 mg/dL) than in the control group (11.8 ± 2.0 mg/dL) (P < 0.001, t-test), as was the platelet count (152.9 ± 58.4 vs. 187.5 ± 72.1, P = 0.032, t-test). groups (P = 0.127, chi square test).
Discussion
According to data from the US Renal Data System and the Taiwan National The statistical analysis in the current study showed that patients in the uremic group were significantly younger than those in the control group. For our cohort, the number of days between arriving at the ED and having surgery was not significantly higher in the uremic group than in the control group. Each patient underwent a routine cardiac survey before surgery. During the routine cardiac echocardiography examination, every uremia patient was noted to have moderate to severe cardiac pathology including ventricular wall thickening, arrhythmias, valve disorders, and pulmonary hypertension. The presence of underlying cardiac pathology is an important consideration when counseling patients, rela- In comparison there is relative consensus regarding the treatment for intertrochanteric fracture of the femur in uremic patients [10] [11] . As femoral intertrochanteric fracture is considered an extracapsular fracture of the proximal femur, fracture healing is more reliable than that in case of femoral neck fracture after osteosynthesis surgery. In our study, 10 uremic patients with intertrochanteric fracture underwent hip compression screw fixation. Four complications were noted (three patients with arteriovenous fistula failure and one patient with acute heart failure) within 30 days postoperatively; however, no complication was directly associated with osteosynthesis surgery. All fractures were united at a mean time of 11 months yielding a fracture union rate of 100%. We therefore recommend osteosynthesis surgery for repair of femoral intertrochanteric fracture in uremic patients given this high rate success observed after appropriate medical optimization.
There were two surgery-related complications (implant failure) in the uremic group (9.5%) and eight complications (six patients with implant failure and two with surgical site infection) in the control group (2.6%). Statistical analysis revealed no significant difference in the rate of surgery-related complications. Additionally, the incidence of surgery-related complications for both groups in the current study was similar to that reported in the literature [10] [23]. The current study also found that the postoperative complication rate was significantly high- Two uremic patients experienced arteriovenous (A-V) fistula occlusion during their first postoperative hemodialysis treatment. The A-V fistula is the route through which hemodialysis is performed. This treatment is crucial in uremic patients for removing toxins, balancing acid-base status, and normalizing electrolytes, especially after anesthesia and surgical procedures. A failed first renal replacement therapy in these patients may complicate the postoperative situation, and lead to further morbidity and mortality. An emergency embolectomy or thrombectomy was performed for both occluded fistulas, and the patients underwent hemodialysis on the same day. Fortunately, there were no further complications.
We made efforts to limit any bias between the two groups. However, this study has limitations. First, the current study was a retrospective study. Normally, the surgeons and anesthesiologists treat patients conservatively if the risks of surgery and anesthesia are too high. In fact, four patients in the uremic group were treated conservatively, and three died due to their compromised cardiopulmonary condition during admission. This selection bias may have affected the outcomes of our analysis. Second, the analysis included all the selected patients without further stratification. Further studies should distinguish the osteosynthesis group from the prosthesis replacement group. Finally, there were several orthopedic surgeons performing the operations. Although all the surgeons were trained and all worked in the same institute, there were some differences in their surgical technique, approach, and preference regarding the use of implant or prosthesis.
Conclusion
Although uremic patients are often younger than patients with osteoporosis related hip fractures, anesthesia and surgery carry increased risk for them. Preoperatively, medical optimization is required, and postoperatively, aggressive care
should be provided for all complications. For femoral neck fracture in uremic patients, prosthesis replacement surgery may lessen the rate of implant failure, while osteosynthesis surgery for intertrochanteric fractures in the same population has a high fracture union rate. Despite thorough preoperative medical optimization, careful evaluation of operative indication, and intensive postoperative medical care, higher rates of complications are likely to occur due to uremic patients' medical comorbidities.
